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Description 



The present invention relates to the communication systems using optical signals propagating through sin- 
gle-mode optica] fibres and, in particular, a method of and an apparatus for generating, transmitting and re- 
5 ceiving a multilevel optical signal. 

Reliable and economically competitive, coherent optical transmission systems which can be made avail- 
able at short and medium terms allow novel network architectures to be provided regarding long-distance and 
high-performance connections and multi-user LAN (Local Area Network) and MAN (Metropolitan Area Net- 
work) connections as well. In particular, the very large bandwidth of the single-mode optical fibres (thousands 

10 of GHz) can be suitably exploited by providing optical FDM-systems (Frequency Division Multiplexing) in which 
the selection of the desired channel can be obtained by shifting the frequency of the local oscillator. This allows 
passive optical networks with very high traffic capacity (thousands of gB/s) to be carried out However, two 
important aspects restrict on one hand the bandwidth of the single channel and limit on the other hand the 
maximum number of channels which can be tuned by the user. In the first instance, in fact, the main restriction 

15 is due to the bandwidth of the photodiodes and the electronic circuits, while regarding the second instance it 
should be considered that the frequency range which can be tuned by the user depends on the tunability char- 
acteristics of the laser used as local oscillator. 

In order to increase the information rate of any channel, systems have been provided in which the infor- 
mation to be transmitted is coded with more than two levels instead of being coded using only the two binary 

20 levels as it is customary for providing a high signal reception sensitivity. By transmitting multilevel signals an 
improvement of spectrum efficiency expressed in terms of information rate per unit of occupied band is ob- 
tained at the cost of a reduction of the sensitivity. The known systems with two or more levels resort to the 
digital amplitude and phase keying (APK) or to the digital phase shift keying (PSK) or polarization shift keying 
(SPSK) of the electrical component of the electromagnetic field associated to a coherent optical wave gener- 

25 ated by a laser source. 

In particular, according to the previous state of art, EP-A-0 277 427 discloses methods of and devices for 
processing an optical signal by altering the polarization state thereof under control of a signal at a predeter- 
mined scrambling frequency. 

EP-A-0 280 075 discloses an optical low-noise superheterodyne receiver for modulated optical signals in 
30 which a received light signal is coupled to a coherent light signal having the same polarisation. Then such sig- 
nals are combined so as to provide two pairs of optical signals, the signal of each pair having the same polar- 
ization perpendicular to that of the other pair, and fed to photoelements which provide electrical signals. Such 
electrical signals are then summed to each other after demodulation and after at least a phase shifting of one 
of such signals. 

35 in "Electronics Letters" Vol. 26. No. 4 of 15th February 1990 there is disclosed the performance of coherent 
optical transmission systems using multilevel polarization modulation based upon equipower signal constel- 
lations at the vertices of regular polyhedra inscribed in to the Poincare's sphere. 

The present invention seeks to provide a method of generating a multilevel signal with a better perfor- 
mance than the known systems with regard to the signal reception sensitivity on the same number of employed 
40 levels. Within such general aim the invention seeks to provide in particular a transmitting and a receiving ap- 
paratus carrying out the above mentioned method. 

Such aims are achieved by the invention defined and characterized in general in the claims attached to 
the following description in which the present invention is disclosed by way of a non-limitative example with 

reference to the accompanying drawing, in which, . . 

45 Fig. 1 is a block diagram of a transmitting apparatus for a multilevel optical signal according to the present 
Invention; 

Fig. 2 Is a block diagram of the detecting stage and the intermediate frequency stage of a receiving appa- 
ratus according to the invention; 

Fig. 3 Is a block diagram of a multilevel signal processing stage based on the determination of the coef- 
ficients of the inverted Jones matrix in a receiving apparatus according to the invention; 
Rg. 4 is a block diagram of a multilevel signal processing stage based upon an algorithm for providing and 
updating the values of the components of the reference vectors in the receiving apparatus of the invention; 
Rg. 5 is a block diagram of the circuit of the stage of Rg. 4 for updating the values of the components of 
the reference vectors; 

55 Rg. 6 Is a diagram of the logarithm of the error probability P. versus the number of the received photons 
per bit F for different values of the level number N; 

Rg. 7 Is a graph for the comparison of the sensitivity of the receiving apparatus (N-4Q) according to the 
invention, expressed in terms of the logarithm of the number of received photons per bit F versus the level 



50 



2 



EP 0 527 966 B1 



HEtZ ilS^ST^ ? 8 N T SK apparatus (N - ,evel Phasa Sh,ft Ke ^- a N - APK 

^z^ttzz^zt and a **** apparatus (N - ,evei pojanzation shi « ^ ^ 

N with 0» TinZIrfn™ " Umber0f r8Ceiv8d P hotons P er bit F V8reus *<> '«"« number 

ISii'SS!^ * tranSmi "^ -PP-*- -efined by the Shannon expression of the 

asi'r^s 

larizatlon. Vecto X fcxTll £X '- e - ° .Tf* repre8entin 9 «■ electrical field according to a given po- 
. of which beingTu^ 

where Pis the transmitted optical power; * + *** * *'* + *** ~ P 

^S^^^S£S!^ acco ? 9 10 the invention is 8hown in R9 - * a ,asar «™ 1 

of45'withrespectto7^ 

ulator2 with a message for exaZ?! JLZ *\ P ? ° f SUCh °P tica,fie,d is adulated by a phase mod- 
coder 10 from a ^JSSS^ 9 9 ' V8ri8b,e amp,itude a ®' wn,ch ls 9 enerated * ■ 
lation the co^SZSSSSSJ? " '"T^" * be tranSmitted - " ter the phase modu - 
3. It should be noted that the^S 

branch the poladtattonStte SS^lS?" * fln>d by the ° rientat,0n of a P ,i,ter 3 " ,n tne "PP" 
signal in th! .lower branch^ 

also generated by coder 1Q^«\! , L S,flnal te modulated »V a modulator 5 with a message 8(t) 

«i(t) = A/2 e **o< ♦ <mwi [ e wo + 

by a modulator 8 ^S^^T^f^ <° * 8i9n8i 8 * lhe pnase of wnich fa 
larization selection directTonTiVf r Z 1 ^f^' 1 °' ^ r6SU, " n9 8i9na,s are then cou P ,ed «* 8 P* 

x and t POl^Z cZ^T^^T^ ^ Si9nal - t0 be tranSmitted thrOU9h thB fibre ' the 
x, = Acos [am/2 V^/22S Wm9 Phase temis and P hase quadrature terms: 

I 4 T ?r M mS 5 " 7(0 + • WO + PW/2 + «/4 COS r (t» 

X, = As.n[B(t)/2 + n/4 cos [o(t) ♦ p(t)/2 + */4] 

bitsrep^ 

of bits, each group of bS^^^SS? Z !T Sucn succession is divided in 9™P 8 

bits is ^ns^elma^^S^^r * 5 ^ USed by the eod " 1 11,1,8 the 8UCCassion of 
plicity, under the umS n °L 5 f \ N *' eVei 8i9na ' 18 tran8mitted and ' for the 8ake of se "> 
symbol can be unSS 1 2 18 f0rmed by m bita where m s 2 log N. Each 

tromagnetic field b^3ST2?iSt* ^ four - diman8io ^ «P« ^Ich the eiec 
of generalized M»rtSS2i? 12 52 UTT * ™~* * " <X " Xjl X " X * ) ° r by 8 tern 
mitted optical power. Thererm ^ tL^ 
stateoftheelectriif^Se^ 

^ ^sss^tass ?rr r o,,he ««• - . 

rougn a single-mode fibre 11 is entered into a -SO' optical hybrid' 1 3 along with a 



EP 0 527 966 B1 



10 



15 



20 



25 



30 



35 



40 



SO 



55 



coherent optical signal generated by a laser source operating as local oscillator 12. Such signal of the local 
oscillator having a frequency which differs from that of the transmitted signal carrier by a predetermined 
amount between 10» and 10» Hz is linearly polarized at 45° with respect to the reference axes x and y. The 
90" optical hybnd 13 is a known device having two inputs and two outputs and providing at one output the 
sum of the input signals and at the other output the sum of one input signal and the other input signal the phase 
of which is shifted by 90°. In such a case, therefore the output signals are the phase component and the phase 
quadrature component of the beat signal. v 

The x and y. components of the polarization state of the output signals of the optical hybrid 13 are then 
split by polanzation selection beam splitters 14 and 15 defining with their orientations the reference axes x 
and y, and separately detected byfourphotodiodes 16. 17, 18 and 19. The four electrical Intermediate frequent 
cy signals are then filtered by bandpass filters 20, 21, 22 and 23 centered about the intermediate frequency 
and having a double as high bandwidth as the figure rate R„ |.e. the inverse of the transmission time of a sym- 
bol. A phase locked loop (PLL) 28 and four multipliers 24, 25. 26 and 27 allow the four intermediate frequency 
signals y„ y 2 , y 3 and y« at the outputs of the filters 20-23 to be translated to base band. Such signals are then 
fed to four lowpass filters 29. 30, 31 and 32 having the same bandwidth as the figure rate R, so as to provide 
four base band signals z„ z 2 , z, and z* proportional to the estimated values of the components of vector X 
which are mainly impaired by the detection noise. ~ 
Two preferred embodiment of the processing apparatus have been proposed for providing and updating 
the estimated values of the components of vector X from the base band signalsz,, z 2 . z 3 and u Such apparatus 
allow the fluctuations of the polarization state of the optical signal due to the propagation through a single- 
mode fibre to be compensated by merely electronic techniques. 

The operation of the first apparatus, the block diagram of which is shown in Fig. 3, is based on the deter- 
mination of the inverse Jones matrix. As it is known, the effects due to the propagation through a single-mode 
optica fibre can be taken into account by the Jones unit operator providing the input-output relation between 
the polarization states of the optical field. Since such relation is linear, the application of the inverse Jones 
V 0 /!!? I !° reCeiV6d SiQnal 8 " 0WS the P° lari2ati °n state of the transmitted optical signal to be determined. 
Vector Z having the base band signals z„ z h z, and z, as components is multiplied In block 33 by the inverse 
Jones matnx so as to provide the estimated values of the components of vectorX. The coefficients of the matrix 
are determined by an algorithm based upon the consideration that the fluctuations of the polarization state 
(0,1-1 Hz) due to the fibre birefringence are much slower than the figure rate (10-1000 Hz). The algorithm is 
implemented on the base of the calculation of the time averages of the signals z„ z 2 , z s and * at blocks 34. 
35. 36 and 37 in time intervals much longer than the symbol period. i.e. the transmission time of a symbol, 
and much shorter than the characteristic period of the polarization fluctuations. The elements of the Jones 
matnx depend linearly on the averages of the signals z„ z* z 3 and z*. as the coefficients of such linear relation 
are the averages of the four coordinates of the reference points evaluated in the set of the N feasible trans- 
muted symbols and stored in block 38. Therefore, if the overages of the signals z„ z 2 . z 3 . z, are known, a linear 
tr ! ™ e a"a«ons with four unknown values can be implemented, the solution of which calculated in 
block 38 provKles the real and imaginary parts of the coefficients of the Jones matrix, the inverse of which is 
then calculated in block 33. This algorithm causes the coefficients of the Jones matrix to be updated at the 
end of any time period at which the time averages of the signals z„ z 2 , z 3 and Z4 are evaluated, thus allowing 
the apparatus to follow the fluctuations of the polarization state due to the single-mode fibre birefringence. 
, u,u:^ St ° n ' L<K the rec °9 nition of the 8la te 0' the multilevel signal, received at a given time, is effected 
In block 39 by comparing the estimated vector e of components e, . e 2 , e 3 and £4 with the reference vectors cor- 
responding to the feasible transmitted symbols, the components of which have been stored In block 39 when 
adjusting the apparatus. In particular, such comparison is effected by calculating the distances between the 
point on the surface of the sphere in the four-dimensional space corresponding to the estimated vector e and 
the points determined by the reference vectors. Among the feasible transmitted symbols it Is selected the sym- 
bol corresponding to the point determined by the reference vector having the shortest distance from the point 
of coordinates e 1p e 2 , e 3 , and s 4 . The output signal of block 39 is fed to an user apparatus 50. 

The operation of the second apparatus processing the multilevel signal is on the contrary based upon an 
algonthm allowing the values of the coordinates of the reference points to be initially determined and updated, 
l.e. the components of the reference vectors on the surface of the sphere in the four-dimensional Euclidean 
space. The s chematic block diagram of such processing apparatus is shown in Fig. 4. The apparatus deter- 
mines initially the reference vectors by means of a suitable initialization sequence and subsequently effects 
the continuous updating of the components of such vectors, the values of which are fed to block 45 In which 
a decision is taken by the above described procedure based upon the calculation of the distance between the 
point corresponding to the received symbol and the reference points. The decision circuit 45 in case of a N- 
level signal has 4N memory cells in which the components of the N reference vectors are stored. In the time 
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ordlnates are bound to the components x 1( x 2l x 3 and X4 defining the state of the electromagnetic field by the 
following relations: 

Xi = cos<t> cosy COS0 
x 2 = cos$ cosy sine 
X3 ■ cos<)> sinvj/ 
X4 = sin$ 

Table II shows the values of the distances between the reference points on the sphere of standardized 
unit radius in case of a five-level configuration; in this case the distance of any coupie of points is the same, 
and when that result is obtained, that is the best for symmetry reasons. 

Table ill shows the values of the angular coordinates <j>. y and 6 corresponding to the points on the sphere 
of the four-dimensional Euclidean space having standardized unit radius which are associated to the states of 
the electromagnetic field In case of an eight-level configuration. 

Table IV shows the values of the distances between the reference points on the sphere having standar- 
dized unit radius in case of an eight-level configuration. In such case it was not possible to arrange the eight 
reference points on the four-dimensional sphere in such a way that they are at the same distance from one 
another. Nevertheless the optimum configuration has a high symmetry as any point has six first near points 
at a distance equal to the radius of the sphere multiplied by <2 and only one second near point at a double as 
high distance as the radius of the sphere. 

In Fig. 6 the performance of the apparatus is shown by the logarithm of the error probability P # versus the 
photon number per bit F for a number N of levels equal to 4,8 and 16, respectively. 

In Fig. 7 the sensitivity of the apparatus is shown by the logarithm of the photon number per bit versus 
the numberN of levels at an error probability of 10* In such figure the performance of the apparatus according 
to the invention designated by N-4Q is compared with that of a N-level heterodyne PSK apparatus (N-PSK, 
N-Phase-Shif t-Keying), a N-level heterodyne APK apparatus (N-APK, N-Amplitude-Phase-Keying). and a N- 
level polarization modulation apparatus with detection by Stokes parameters (N-SPSK, N-Stokes-Parameter- 
Shif t-Keying), the former two being described in K. Feher "Digital MODEM Techniques', Advanced Digital Com- 
munications, Prentice-Hail Inc., Eagiewood Cliffs, New Jersey, 1 987, the third one being described in an article 
of S. Betti, F. Curti, G. De Marchis, E. lannone, "Multilevel Coherent Optical System Based On Stokes Para- 
meters Modulation" which is being published on the Journal of Lightwave Technology. 

In Fig. 8 the limit performance of the transmitting apparatus conditioned by the Shannon equation regard- 
ing the channel capacity is shown. The apparatus according to the invention suffers from a penalty with respect 
to the Shannon limit of 8.5 dB for N = 1 6, 7.4 dB for N = 32 and 7.8 dB for N = 64, respectively. The performance 
of the apparatus according to the invention with respect to the compared apparatus tends to improve as the 
number of levels increases as illustrated in the following Table V showing the improvement in dB of the per- 
formance of the apparatus according to the invention with respect to that of N-SPSK and N-PSK apparatus. 

TABLE V 



N 


N-SPSK 


N-PSK 


8 ..... . 


1.4 


3.8 


16 


2.3 


5.4 


32 


3.0 


9.3 


64 


3.8 


10.9 



Claims 



A method of providing a multilevel signal on a coherent optical carrier in order to transmit information 
through a single-mode optical fibre by the modulation of the carrier, characterized in that the phase and 
the polarization of the carrier are modulated. 
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2. The method of claim 1 , characterized by the following steps: 

- modulating the phase of the carrier with a first control signal; 

- dividing the carrier the phase of which is modulated in two orthogonal components representing the 
polarization state; and 

- modulating the phase of said orthogonal components by a second and a third control signals; 
said control signals being provided by coding a binary succession representing the information to 
be transmitted and formed of a plurality of symbols each of them representing a predetermined state 
of the multilevel signal to be transmitted. 

3. The method of claim 2, characterized in that the predetermined states of the multilevel signai to be trans- 
mitted, each represented by the components of a four-dimensionai vector defining a reference point on 
the surface of the sphere of the four-dimensional Euclidean space having a radius equal to the square 
root of the transmitted optical mean power, are determined by selecting the respective reference points 
such as to minimize the multi-variable function correlating the bit error probability with the coordinates 
of said reference points. 

4. An optical transmitter for the transmission of multilevel signals formed according to the method of claim 
1, comprising a coherent light source (1) adapted to generate the optical carrier and a modulation signal 
generator (1 0), characterized in that it further comprises a first phase modulator (2) adapted to modulate 
the phase of said carrier, and a polarization modulator (3-8) coupled to the output of the first phase mod- 
ulator (2), and the modulation signal generator (1 0) has an output connected to the first phase modulator 
(2) and at least one output connected to the polarization modulator (3-8) to provide thereto phase and 
polarization modulation control signals. 

5. The optical transmitter of claim 4 for carrying out the method according to claim 2 or 3, characterized in 
that between the first phase modulator (2) and the polarization modulator (3-8) a polarization selection 
beam splitter (3) is connected which is adapted to split the two orthogonal components of the polarization 
state of the earner, and that the polarization modulator (3-8) comprises a polarization rotator (4) rotating 
by 90° the polarization of one of such components, a second phase modulator (5) adapted to modulate 
the phase of the other component, a 2x2 directional coupler (6) supplying to the output ports the super- 
imposed input signals, a second polarization rotator (7) rotating by 90° the polarization of one of the two 
Inputsignals of the directional coupler (6), and that the modulation signai generator(IO) comprises a coder 
(10) supplying from the binary sequence the control signals to the three phase modulators (2, 5. 8), and 
that the output of the polarization modulator (3-8) is connected to a polarization selection directional cou- 
pler (9) for combining again the orthogonal components of the polarization state and for entering the ob- 
tained signal into the optical single-mode fibre (11) acting as transmission channel. 

6. An optical receiverfor receiving multilevel signals formed according to the method of claim 1 and including 
a first stage consisting of an optical local oscillator (12), a 90° optical hybrid (13). two separators (14. 15) 
of the orthogonal polarization components, and four photodiodes (1 6-1 9) for the detection of said signals, 
said first stage being coupled to the optical fibre (11) and being adapted to carry out the heterodyne de- 
tection of the phase terms and the phase quadrature terms of the beat signal generated from the polarized 
signal received by the optical fibre (11) and the optical local oscillator signal, characterized in that said 
fust stage further comprises four bandpass filters (20-23) centered about the intermediated frequency 
of the signals detected by said photodiodes (16-19), and a second stage (24-32) is provided coupled to 
said first stage and adapted to demodulate the received signals for providing the multilevel signal. Includ- 
ing an electronic device converting the intermediate frequency signals of said bandpass filters (20-23) 
!t?! 8 ,! band 8nd com ' >risin 9 a P has « locked loop (28), four multipliers (24-27) and four bandpass filters 
(29-32), and a processing circuit is coupled to said second stage and adapted to compare said multilevel 
signai with predetermined reference signals. 

7. The optical receiver of claim 6 for receiving multilevel signals formed according to the method of claim 2 
or 3, characterized in that said processing circuit based upon the evaluation of the inverse Jones matrix 
compnses four circuits (34-37) receiving at their inputs the base band signals from the bandpass filters 
(29-32). calculating the time overages of said signals in time periods much longer than the symbol period 
and much shorter than the characteristic periods of the polarization fluctuations, and supplying at their 
outputs four signals representing said time averages, a circuit for the inversion of the Jones matrix (33) 
receiving at its input the above mentioned base band signals and supplying at Its output the estimated 
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values of the transmitted multilevel signal, a calculation circuit (38) receiving at Its input the four signals 
representing the time averages of the base band signals and comparing said signals with the feasible 
transmitted symbols forming the predetermined reference signals stored in the circuit itself so as to cal- 
culate the coefficients of the Jones matrix and to supply them to the circuit for entering the Jones matrix 
(33), and a decision circuit (39) receiving at its input the estimated values of the transmitted multilevel 
signal and comparing said values with the feasible transmitted symbols stored in the circuit itself so as 
to assign to each estimated value one of the feasible transmitted symbols. \ 

8. The optical receiver of claim 6 for receiving multilevel signals formed according to the method of claim 2 
or 3, characterized in that said processing circuit comprises first circuit means (45) for determining initially 
the reference signals by an initialization sequence, second circuit means (40) adapted to calculate the 
time average of the base band signals in time periods much longerthan the symbol period and much short- 
er than the characteristic period of the polarization state fluctuations, and to store and to update the com- 
ponents of the reference signals, the decision circuit means (45) being adapted to compare the time aver- 
ages of the base band signals with the reference signals and to assign to each of them one of the feasible 
transmitted symbols, the updating time period being much shorter than the characteristic period of the 
polarization fluctuations and much longer than the symbol period. 



Patentanspruehe 

1. Verfahren zum Erzeugen eines mehrstufigen Signals auf einem kohSrenten optischen TrSger zur Infor- 
mationsubertragung durch eine Monomode-Lichtleitfaser durch die Modulation des TrSgers, dadurch ge- 
kennzeichnet, dafi die Phase und die Polarisation des Trigers moduliert werden. 

2. Verfahren nach Anspruch 1, gekennzeichnet durch die folgenden Schritte: 

- Modulieren der Phase des TrSgers mit einem ersten Steuerslgnal; 

- Teilen des TrSgers, dessen Phase moduliert wird, in zwei orthogonale, den Polarisationszustand wie- 
dergebende Komponenten; und 

- Modulieren der Phase der orthogonalen Komponenten durch ein zweites und ein drittes Steuersignai; 
wobei die Steuersignale erzeugt werden, indem eine der zu ubertragenden Information entsprechende 
und aus einer Anzahl von Symbolen gebildete binSre Sequenz kodiert wird, und wobei jedes der Symbole 
einem verbestimmten Zustand des zu ubertragenden nehrstuf igen Signals entspricht 

3. Verfahren nach Anspruch Z dadurch gekennzeichnet, dafi die vorbestimmten ZustSnde des zu ubertra- 
genden mehrstufigen Signals, die jeweils durch die Komponenten eines vierdimensionalen Vektors 
dergesteilt werden, der einen Bezugspunkt auf der Oberf ISche der Kugel des vierdimensionalen Euklldi- 
schen Raums bildet, die einen Radius gleich der Quadratwurzel der ubertragenen mittleren optischen 
Leistung aufweist, durch Auswahlen derjeweiligen Bezugspunkte derartbestimmt werden, da& die Mehr- 
variablen-Funktion, welche die Bitfehlerwahrscheinlichkeit mit den Koordinaten der Bezugspunkte in Be- 
ziehung setzt, moglichst klein wird. 

4. Optischer Sender zum Obertragen von mehrstufigen Signalen, die nach dem Verfahren gemSS Anspruch 
1 gebildetsind, mit einer kohSrenten Lichtquelle (1) zum Erzeugen des optischen TrSgers und einem Mo- 
dulationssignalgenerator (1 0), dadurch gekennzeichnet, da& er ferner aufweist einen ersten Phasenmo- 
dulator (2) zum Modulieren der Phase des TrSgers, sowie einen Polarisationsmodulator (3-8), der mit dem 
Ausgang des ersten Phasenmodulators (2) gekoppelt ist, und daa der ModulationssignaJ-Generator (10) 
mit einem Ausgang an den ersten Phasenmodulator (2) und wenigstens einem Ausgang an dem Polari- 
sationsmodulator (3-8) angeschlossen ist, urn auf diesen Phasen- und Polarisationsmodulations- 
steuerstignaie zu geben. 

5. Optischer Sender nach Anspruch 4 zur Durchf uhrung des Verfahrens nach Anspruch 2 Oder 3, dadurch 
gekennzeichnet, da& zwischen dem ersten Phasenmodulator (2) und dem Polarisationsmodulator (3-8) 
ein Polarisationsauswahl-Strahlungsteiler (3) angeschlossen ist, der zum Teilen der zwei orthogonalen 
Komponenten des Polarisationszustandes des TrSgers geeignet ist, und daS der Polarisationsmodulator 
(3-8) einen Polarisationsrotator (4), der die Polarisation einer dieser Komponenten urn 90° dreht, einen 
zweiten Phasenmodulator (5) zum Modulieren der Phase der anderen Komponente. einen 2x2-Rlchtungs- 
koppler (6), der auf die Ausgangsoffnungen die uberlagerten Bngangssignale gibt, und einen zweiten Po- 
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ansat.onsrotator(7) aufweist. derdie Polarisation eines dor beiden Elngangsaignale das Rlchtungskopp- 
lers(6)_um 80 dreht, und daS derModulationssignalgenerator(IO) einen Kodierer (10) aufweist. dervon 
der bmaren Sequenz die Sleuersignale auf die drei Phasanmodulatoren (2. 5. 8) gibt, und daU der Ausgang 
des Polansationsmodulators (3-8) mit einem PolarisationswahI-Richtungskoppler(9) verbunden ist. um 
die orthogonalen Komponenten des Polarisationaastanda wieder zu kombinieren und das erhaltene SI- 
gnai in die Monomode-Lichtleitfaser (11) zu geben, die als Obertragungskanal wirkt 

6. Optiseher Empfanger zum Empfangen von mehrstufigen Signaien, die nach dem Verfahren gemaB An- 

f,^ Jo 6 ? u , S,r l ' mit 6iner ersten Stufe> dle aus einem optischen Empfanqsoszillator (12). einer op- 
tischen 90 -Gabelschaltung (13). zwei Separatoren (14. 15) der orthogonalen Polarisationskomponenten 
und v.er Photodioden (16-19) zum Erfassen der Signale bestsht. wobei die erste Stufe mit der Uchtleit- 
faser (11) gekoppelt und geeignet ist. die Oberlagerungserfassung der Phasenterme und der 
PnasenquadraturtermedesUberlagerangssignalsdurch2ufflhren.dasausdemvonderLichtleitfaser(11) 
empfangenen polansierten signal und dem optischen Empfengsoszillator-Signal erzeugt wird. dadurch 
gekennzeichnet, daU die erste Stufe Vier BandpaBfilter (20-23) aufweist. die um die gemittelte Frequenz 
dervon den Photodioden (16-19) erfaSten Signale zentriert sind. und daC eine zweite Stufe (24-32) vor- 
gesehen ist. d.e mit der ersten Stufe gekoppelt und geeignet ist. die empfangenen Signale zurErzeugung 
des mehrstufigen Signals zu demodulieren. einschlieBlieh einer elektronischen Anordnung, welche die 
L„?fi e T ?i« r reqUe " Z der Band P aafil ^ (20-23) auf das Basisband umsetzt und einen Pha- 
IZ* f 6,8 ^ ? 8)> v,erMult| P'^P»er (24-27) und vier Bandpa&f liter (29-32) aufweist. und daa eine 

h e S*r 9 f c ^ 

beshmmten Bezugssignalen zu veigleichen. 

7 ' ?£T* T S P A ffln9er Anspruch 6 ^^ngen von mehrstufigen Signaien. die nach dem Ver- 
fahrengemaaAnspr U ch2oder3gebilde^ 

SntanJTJ «^t! 9 de ^nversen Jones^atrix aufweist vier Schaltungen (34-37). die an ihren 
S T Basisband - Sl 9 nale a «* den Bandpafif litem (29-32) empfangen. die Zeitmittel der Signale 
ItiSS ESS be " ch " e 1 n ' die viel ,an 9^ sind als die Symbolperiode und viel kurzer ala die charakteri- 

T^l i2S T a ? 6,ne Schaltun 9 zur lnve «k»n der Jonea-Matrbc (33). die en ihrem Eingang die 
tZnT T" Bas,sband 'Signale empfangt und an ihrem Ausgang die geschatzten Werte des Oban 

Ze^mrtteln der Bas.sband-S.gnale entsprechenden Signale empfangt und dieae Signale mit den brauch- 
baren ubertragenen Symbolen vergleicht, welche die in der Schaltung seibst gespeicherten vorbestimm- 
ten Bezugss.gnale bilden, um die Koeffizlenten der Jones-Matrix zu berechnen und sie auf die Schaltung 
SLSKJ J °" es - Matrix < 33 > ** 9eben. sowie eine Entscheidungsschaltung (39). welche an ihrem 
h. h« d ^ 9escbatzten Werte daa ubertragenen mehrstufigen Signals empfingt und diese Werte mit 
llTJtTtoT " bertra ? anBn S^ 0016 " vergleicht. die in der Schaltung seibst gespeichert sind. um je- 
dem geschatzten Wert ernes der brauchbaren ubertragenen Symbole zuzuordnen. 

" S?! r „f nPfa h "! er . naCh An8prUCh 6 zum mehrstuf iger Signale. die nach dem Verfahren 

i£ J^V^ 3 9eb " det Si " d ' d3durch 9 eka "n«ichnet. dad die Verarbeitungsschaltung auf- 
ZlZ„T? S t a,tan °? nUn9 (45) "» airf Snglichen Bestimmung der Bezugssignale durch eine Aus- 
tSZSZZl Z 6 ?? Schaltanordnu "9 (40) zur Berechnung dee Zeitmittels der Basoband-Signale 
in Zeitpenoden. die v.el langeraind als die Synbolperiode und viel kurzer als die charakteristische Periode 
der Polansationszustandsschwankungen. sowie zum Speichern und Aufdatieren der Komponenten des 

Sf 9 ^ ' o° 8 Entscheidun 9 ss « :na "anordnung(45)geeignetist.dieZeitmittelderBasisband- 
„mi, Be ^9ssignalen zu vergleichen und jedem derselben eines der brauchbaren ubertrage- 

node der Polansationsschwankungen und viel langer als die Symbolperiode. 



Revendicationa 
1. 



2£Jf^lS? L 9nal mu,tiniveau sur un si 9nal optique porteur coherent pour transmettre de 
' ,nte ? ned,a,re d Une flbre a "»da unique par la modulation du signal porteur. 

caractense en ce que la phase et la polarisation du signal porteur sont modulees. 
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5. 



6. 



7. 



Z Procede selon la revendicatlon 1. caracterise par las etapes suivantas : 

- modulation da la phase du signal porteur par un premier signal da commande ; 

- ™*mdu signal porteur, dont la phase est modulee, en deux composantes orthogonales represen- 
tantl'etat de polarisation ; et 

- modulation de (a phase des dites composantes orthogonales par des second et troisieme signaux 
de commande; 

les dits signaux de commande etant obtenus en codant una succession binaire representant (Infor- 
mation a transmettre etformee de plusieurs symboles, dont chacun represente un etat predetermine 
du signal multiniveau a transmettre. 

I. Procede selon la revendication 2, caracterise en ce que les etats predetermines du signal multiniveau a 
transmettre representee chacun par les composantes d'un vecteur a quatre dimensions determinant un 

?*f SUr ' a SUrfaCe de la sphere de res P ac8 euclidien 8 « uatre ^'mansions dont le rayon 
est egal a la racine carree de la puissance optique moyenne transmise, sont determines en selectionnant 
es Points de reference respectifs de faccn a minimiserla fonction multi-variables qui fait corresponds 
la probability d'erreur de bit avec les coordonnees des dits points de reference. 

. Transmetteur optique pour la transmission de signaux multiniveau formes selon le procede de la reven- 
dication 1 comprenant una source de lumiere coherente (1) concue pour produire le signal optique porteur 
JTiSST' T" aUX 08 modulation < 10 >' caracterise en ce qu'il comprend de plus un premier mo- 
dulateur de phase (2) concu pour moduleria phase du dit signal porteur. etun modulateurde polarisation 
£5 !f' 6 d " Premier modu,ateur °e Phase (2), et en ce que le generateur de signaux da 

modulation (10) presents une sortie reliee au premier modulateur de phase (2) et au moins une sortie 

Zeetd^a^ 

Transmetteur optique selon la revendication 4 pour la mise en oeuvre du procede selon la revendication 
?3.« JS 06 T* 6ntre ' e Dremiar "«xlulateur de phase (2) et le modulateurde polarisation 

2 090 f d9 '' etat de P° ,arisatto " d « signal porteur. et en ce que le modulateur de po- 

ansation (3-8) comprend un appareil rotateur de polarisation (4) qui fait tournerde 90- la polarisation de 
™S! T ^P 038 " 169 - un second modulateur de phase (5) concu pour moduler la phase de I'autre 
composante. un coupleur directionnel 2x2 (6) qui fournit aux orifices de sortie les signaux d'entree super- 
poses, un second appareil rotateur de polarisation (7) qui fait tourner de 90' la polarisation de I'un des 

nm J*!™ 11 *? H ^ UP ' eUr directionnel (6). en ce que le generateur de signaux de modulation 
(10) comprend un codeur (10) qui fournit. a partir de la sequence binaire. les signaux de commande aux 
ton modulateurs de phase (2.5.8). et en ce que la sortie du modulateur de polarisation (3-8) est reliee 
tZ^M ™ ^ (9) de 86leCti0n de P° ,arisa «on pour combiner encore les composantes ortho- 
EST/Si > PO' 3 " 53 """ « pourfaire entrerle signal obtenu a I'interieurde lafibre optique a mode 
unique (11) qui agit a la facon d'un canal de transmission. 

Recepteur optique pour la reception de signaux multiniveau formes selon le procede de la revendication 
on- ,^ renan i Un P l emier J^ e dul consista e " oscillateur optique local (12). un hybride optique a 
ha !m n„ !?iSTI ? ( i 1fl) d6S com P° santes orthogonales de polarisation, etquatre photodiodes 

ZZTLtr 8 de,e ! ti0 " helerodyne des ,irnite8 de P hase at dea da d « Phase 

23TS5T * en ce que 16 dit premier eta 9 e ^p^ de p ,us duatre '»«"» p a « a - 

h S \ 8 f redUenCe interme diaire d " signaux detectes par les dites photodio- 

£ I liJS f T C8 qU U " SeCOnd 8t89e (24,32) 68t prtvu ** e8t ""P' 6 au dit P remier e *9 a et congu 
pou demoduler les s-gnaux racus afin de fournir le signal multiniveau. comportant un dispositif electro- 
nique qui convert* les signaux de frequence intermediate des dits filtres passe-bande (29-32) en une 

Z£££ll M TT t Z e i° Ude de vefrouilla 9 a da Ph«e (28). quatre multiplicateurs (24-27) 
e Z 1™ P asse - band f (29-32). et en ce qu'un circuit de traitement est couple au dit second etage 
et est concu pour comparer le dit signal multiniveau a des signaux de reference predetermines. 

2£T££ ° PtiqUe - *T n 18 reve ," dication 6 P° ur la reception de signaux multiniveau formes selon le pro- 
cede de la revendication 2 ou 3. caracterise en ce que le dit circuit de trafement, base sur I'evahX 
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tltZT^tl CCmprend ^^8(34.37) quirecoiventdleuraentrtesleaslgnaux 

^^£T£Z£ w T™ 8 P 8888 ^ (29-32). qui calculent les moyennes de temps des 

SisSSs JTiS?" T ps beaucoup p,us ,on9U88 que ,a periode da s y mbo,e et bMUC0 "P 
^^^:!^T^TT^r a des fluctuations de po,arisatlon - et «* fournissent a 

dt Jones St JESS ^ T ,te8 m ° yenneS de tempS ' un P° ur '''"version de la matrice 
S«SL? ) . t . 6ntrte 188 S ' 9naux de banda de basa ^nttonnes cWessus etfournissant 

les Sits r'T/ reprt88l f nt ,aa de temps des signaux de la bande de base et qui compare 

!l£i2T 8 8ym . b ,° le8 PO8Si0,e8 transmi8 fonnant 188 •*"■« * reference predetermines 
SnTau ciSt n 8 T* T 8me ^ fa5 ° n 8 C8,CU,8r 188 C08ff,ci8nt8 de ,a matri< » da Jonaa a 
M « v^^t^T? d T d8 J ° nes «"* etun «*«**<**■" (39) dont. 'entree 

Z£ !n.! " "I 9 " 8 ' mult ' niveau ^n«"fe et qui compare les dites valeurs aux symboles 

second a ,n,t,8lement ,es s '9neux de reference par una sequence ^Initialisation, un 

dansdeS 

MmS^ST P,US '° n9Ue8 que 18 P8ri0de de a y mb0 ' a et baauco «P P'«e courtes 

a jour le^ SSZZZZZZT * " UCtU8tions de '' etat <• polarisation, et pour ermnagasiner et mettre 
comoJ^rSr w 9 " aUX d8 refefenC8 ' 18 ^Positlf a circuit de decision (45) etant concu pour 

sTolr^h* T nne f. "I*""*' d8S Si9n8UX de band0 da bas » «»» e'gnaux de eferenoe. eTpourT 
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Fig. 5 




Fig. 6 
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